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AGRO-ECOLOGICAL ASSESSMENTS FOR NATIONAL PLANNING IN KENYA: 
DATABASE STRUCTURE FOR DISTRICT ANALYSIS 
ABSTRACT 
The database structure for agro-ecological land resources assessment for development 
planning in Kenya comprises two broad categories of data: the Land Resources Inventory 
(LRI) and socio-economic data or statistics. Socio-economic data, compiled primarily from 
Kenyan sources, are records of actual population, land use, crop production, livestock 
population, farming inputs, food, demand, etc. The agro-ecological zones (AEZ) 
methodology utilizes the LRI to assess, for a given level of input, all feasible agricultural 
land use options as well as expected production of relevant and agro-ecologically feasible 
cropping activities. With the benefit of socio-economic parameters which are used to define 
constraints, targets, production and consumption levels for planning objectives, optimal 
resource allocation schemes corresponding to the desired objectives can be derived. The 
administrative districts of Kenya cover a wide range of physical conditions and socio- 
economic characteristics. It has been necessary, therefore, as part of the update of the socio- 
economic database for Kenya to disaggregate socioeconomic data, where possible, at the 
district level. This update includes also new estimates of socio-economic parameters that will 
facilitate analysis at the district level. These new estimates and disaggregation represent 
certain methodological improvements in the application of the AEZ methodology to 
development planning in Kenya. 
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INTRODUCTION 
The database structure for agro-ecological land resources assessment for agricultural 
development planning in Kenya comprises two broad categories of data: the Land Resources 
Inventory (LRI) and socio-economic data or statistics. The LRI consists of inventories of 
climate, soil and landform conditions and specific land use information such as game parks 
and cashcrop zones, assembled over the years and updated to adjust for new information. 
Using a geographic information system (GIs), these inventories have been overlaid on the 
soil map of Kenya to derive agro-ecological zones---tracts of land with unique combinations 
of climate and soil, and other factors (FAO, 1993). Within these unique ecological land units 
(agro-ecological cells) soil, land form and climatic conditions are quantified. Socio-economic 
data are numerical information on potential1 and actual population, land use, crop production, 
livestock, farming inputs, etc. These have been compiled primarily from Kenyan sources. 
They are useful for specifying constraints (and targeting objectives) of a resource allocation 
problem. In agro-ecological zone (AEZ) modeling, socio-economic variables, however, can 
not always be directly used as model inputs but must, sometimes, be transformed first into 
parametric forms (e.g., rate of land depletion, per capita food demand projections, livestock 
density, etc.). Such parametric derivatives form part of the socio-economic data base. 
The AEZ methodology utilizes the LRI to assess, for a given level of input, all feasible 
agricultural land use options as well as expected production of relevant and agro-ecologically 
feasible cropping activities. On the basis of these assessments and using the socio-economic 
'including, intermediate input data generated from preliminary land productivity and crop suitability 
assessments. 
data to specify constraints, targets and production options, spatial resource allocation 
objectives can be optimized2. The optimization results provide perspectives on the capability 
of Kenya's land resources, technology, and policy, etc., to improve as well as sustain 
agricultural production. These perspectives are intended to provide a useful guide to national 
planning. This paper describes the socio-economic data base and the derivation of its 
parametric values. 
Sustaining agricultural or food production is a major agricultural development policy of the 
Kenya government as set out in various government documents (see for example, Republic of 
Kenya, 1986, 1994a; 1994b). This policy recognizes the importance of the agricultural sector 
which in 1992 accounted for about 27% of Kenya's total Gross Domestic Product (GDP), 
about 81% of total employment in the economy, and also earned substantial amount of 
foreign exchange. The agricultural development policy of Kenya defines specific objectives 
and targets that include but not limited to: growth of agricultural GDP, increasing foreign 
exchange earnings, enhancing food security and nutritional status, increasing employment 
and revenue generation, combating rural poverty and ensuring regional equity, increasing 
farm incomes, improving resource conservation. Insofar as socio-economic data reflect the 
demands placed on the agricultural sector or of changing conditions and needs, a reasonable 
assessment and attainment of these objectives will depend, in part at least, on reliable 
estimates of the socio-economic parameters. 
The data presented in this report are mostly at the district level since the emphasis is on 
district analysis. There are eight administrative Provinces including Nairobi. Each province, 
except Nairobi, is made up of Districts divided further into smaller administrative formations 
(e.g., division, location, sub-location). Until recently there were forty-one districts3 in Kenya. 
2 ~ w o  alternative optimization techniques are applicable in this regard: the linear programming technique and 
the multi-criteria optimization technique. 
3 ~ h i s  number has increased. In the Eastern Province, Kitui district has been split into Kitui and Mwingi; 
Machakos into Machakos and Makueni; Meru, into Meru and T/Nithi. In the Nyanza Province, South Nyanza 
district has been split into Homa Bay and Migori districts; and Kisii into Kisii and Nyamira districts. In the Rift 
Valley Province, Kericho district has been split into Kericho and Bomet districts. And in the Western Province, 
Because of the lack of adequate or sufficient information on the newly created districts, data 
presented in this report are only for the original forty-one districts. For the same reasons data 
have not been reported at beyond the district level. 
1. POPULATION 
The 1989 census results provide the basic population figures. These have been projected by 
the Ministry of Planning and National Development to 1990, 2000, and 2010 at the respective 
annual growth rates of 3.5% (1989-1990), 2.7 % (1990-2000), and 2.2% (2000-2010). Simple 
exponential projections of population usually assume that demographic features such as age- 
specific-death and age-specific-fertility rates are constant over the projection period. For 
short-term projections of only a few years this assumption may be reasonable. But for 
projections over the long term (ten or more years) during which changes occur in the 
demographic transition the assumption may no longer be tenable. Demographic developments 
in Kenya in the past twenty years indicate that progress has taken place in the demographic 
transition. Total fertility rate has fallen from 8.0 children per woman in the late 1970s to 6.7 
in the late 1980s (Cohen, 1993)4, and the probability of dying by age 5 has been halved 
between 1945 and 1985 (Hill, 1993)" and mortality, also, has decreased between 1970 and 
1988. Table 1.0 presents the population data by districtlprovince. In 1989 the population of 
Kenya was reported as 21.4 million. This was projected to reach 22.2 million in 1990, 29.1 
million in 2000, and 36.3 million in 2010. 
Population plays diverse roles in an economy and particularly in development planning. The 
pool of labor force is drawn from it and, generally, it fosters (or can foster) industrial growth 
by expanding domestic demand. Population provides the basis for assessing progress in 
economic development (g r~wth )~ ,  and for setting targets (objectives) for the same. By 
Bungoma district has been split into Bungoma and Mt. Elgon districts while Kakamega has been split into 
Kakamega and Vihiga districts. 
4van de Walle (1993), however, argues that age at marriage has changed little. 
S ~ h i s  i  generally true for most developing countries. 
6 ~ s  when development indicators are measured in per capita terms, or population growth is compared with 
growth in major economic indicators, e.g., value of agricultural output. Generally, it is desirable (and indicative 
expressing resources (e.g., land) in per capita terms, their real scarcity is readily appreciated. 
Per capita arable land has, over the years, been on the decline and seems poised to continue in 
this downward trend. Using World Bank population projections and FA0 estimates of 
potential arable land, cultivable7 land area per capita was 0.64 ha in 1964166 and had dropped 
to 0.34 ha by 1989191 and is even projected to further fall to 0.17 ha and 0.08 ha in 2000 and 
2025, respectively. This problem is not unique to Kenya. For example, cropped area per 
capita in Egypt amounted to 0.12 ha in 1976; by 1990, it had fallen by some 17% to 0.1 ha 
per capita and is estimated to further decline to 0.05 ha per capita by the year 2060 (Onyeji 
and Fischer, 1994). This trend is also borne out by sub-Saharan Africa as a whole. Cultivable 
land area per capita for the region was estimated at 3.3 ha in 1970; by 1990 it had fallen to 1.8 
ha and is projected to further decline to 1.3 ha and 0.7 ha per capita by the year 2000 and 
2025 respectively (Rempel, 1994). Even if uncropped land with rainfed crop production 
potential in developing countries appears large, only very few countries hold much of the 
land balance: Brazil, in South America and Zaire in sub-Saharan Africa (FAO, 1993). 
Thus, level and growth of population are important parameters in AEZ modeling. To 
facilitate their use in setting objectives or targets for district-level analysis, it has been 
necessary to disaggregateg the 1989 population into its urban and rural components. 
Disaggregation was achieved by first estimating urban population for each district on the 
basis of estimates of district urban population for 1979 reported by Jaetzold and Schmidt 
(1982) in accordance with the Kenya population census of that year. For 1989 we then 
identified the same urban places reported by Jaetzold and Schmidt, and treated their 1989 
populations as the 1989 urban populations for the corresponding districts. In cases where the 
1979 urban towns reported by Jaetzold and Schmidt were not available in the current (1989) 
records, the 1979 populations of such urban towns were respectively projected to 1989 and 
of progress) for population growth to lag behind economic growth as measured by growth in the value of 
sectoral outputs. 
Estimates include land assessed as "very suitable" as "suitable" for crop production, corrected for fallow 
requirements, protected land, habitation and infrastructure requirements. 
8 ~ h i s  disaggregation will become handy when we estimate per capita food consumption in a later section. 
the resulting values taken as the urban populations for the corresponding districts. In this 
projection due consideration was given to the overall potential and prospects for urbanization 
in the districts. Once the urban population for a district was approximated in this manner, the 
corresponding rural population was obtained by subtracting the urban population from the 
total district (1989) population. For the district of Mombasa and for Nairobi (the two places 
that dominate Kenyan urban population) whose population figures were not reported by 
Jaetzold and Schmidt we assumed an urban population share of 95%). The results of this 
disaggregation are presented in Table 1.1. The aggregate percentages of urban (20.1%) and 
rural (79.9%) population arrived at in this manner seem reasonably close to the projections by 
the Food and Agriculture Organization of the United Nations (FAO). For 1988190 F A 0  
estimates Kenyan nonagricultural and agricultural9 populations as 22.6% and 77.4% of total 
population respectively. 
Whereas in the mid-1970s urban areas consisted mostly of Nairobi, Mombasa, Kisumu and 
Nakuru (Fischer and Shah, 1985, etc.) all of which accounted for more than 80% of total 
urban population, by 1989 (Table 1.1) urbanization had spread into more districts: Machakos, 
Kiambu, Meru, Bungoma and Uasin Gishu. These nine districts together account for more 
than 70% of urban population (and 23% of rural population). 
2. LAND USE 
The total land area of Kenya is roughly 580 thousand square kilometers, about 8% of which is 
estimated to be used as agricultural land (Republic of Kenya, 1992). Ministry of Agriculture 
defines three categories of land in relation to annual rainfall (Republic of Kenya, 1991, Table 
71). According to this classification, about 12% of the land is in the high potential zone, some 
6% in the medium potential zone, and 74% is in the low potential zone. The remainder, 
roughly 9%, is termed "All other land" and has not been classified according to potential. 
Thus land is a major constraint to agricultural activity. Table 2.0 describes the present land 
9 ~ h e  actual designation by the F A 0  is agriculturaYnonagricultural population rather than ruralturban. But these 
two designations are often synonymous with one another. In the Kenyan case where rural population may be 
broadly classified into pastoral, small holder, and large farm areas this synonymity is quite in order since these 
three broad categories are essentially agriculture-based. 
use pattern in Kenya. Information on land use and land availability provides useful guide for 
the setting of physical constraints on land when modeling optimal resource allocation within 
the AEZ framework. However, it is not so much the availability of land as the quality (or 
suitability) of available land that makes for productive agriculture - especially in those 
systems where technology and inputs still play a limited role. Available (arable) land, 
moreover, gets encroached upon for non-agricultural purposes1° making it necessary to take 
into account such land encroachments in order to obtain more realistic results. Increasing 
population density, scarcity of good quality land and limited technological inputs are familiar 
characteristics of the Kenyan agricultural system. The present inventory and overview of land 
availability and use patterns in Kenya helps to conceptualize land use scenarios necessary for 
obtaining solutions for the desired agricultural policy objectives. According to Table 2.0, 
about 37% of total agricultural land is located in the Rift Valley province, 23 % in the Eastern 
province, 8% in the Nyanza province, 8% in the Coast, and about 11% in the Western 
provinces. The North-Eastern province has almost no agricultural land. 
2.1. Land Suitability Classes 
An initial AEZ assessment of resources indicates the productive potential of land and of 
individual crop suitability determining simultaneously the extent of potential arable land as 
well as of land quality classes. Five such classes are defined according to crop production 
potential. Specifically, the productive potential of land with regard to a particular crop type is 
defined in terms of average attainable yields: the closer is the average attainable yield of a 
land unit to the maximum agro-climatic yield of that crop, the more suitable is the land for 
agricultural production. The results from this assessment, by land unit and crop type, provide 
a fundamental input into the optimization routines that finally solve for optimal resource 
allocation scheme(s). The five land suitability classes11 are: C l ,  denoting land whose average 
attainable yield is greater than 80% of maximum agro-climatic yield; similarly, C2, C3, C4 
'O~his tendency is indicated by population density (persons per land area) or the rate of urbanization. 
I I A  set of assumptions underlies land suitability definition. The present results are based on the assumption of 
single crop suitability and production potential on all lands that are not indicated as forest zones, game park, or 
belong to an irrigation scheme (See Fischer et a1 (1991). 
and C5 each denote land classes whose average attainable yield ranges between 60-80%, 40- 
60%, 20-40%, and 5-20% of maximum agro-climatic yield, respectively. Only land in 
suitability classes C1 to C4 are considered viable for agricultural production. Suitability class 
C5 includes land that is only very marginally suitablel2. For the purpose of this report, 
potential arable land is defined to include only land classes Cl  through C4. Note that the 
results also include an assessment of soil and terrain conditions. 
The distribution of potential arable land by province is presented in Table 2.1. Most of the 
potentially very high productive land (about 61%) in Kenya is located in the Rift Valley 
province which accounts for about 30% of total land area. In contrast, the provinces of 
Nyanza, Western and Central have about 12%, 3%, and 10% of the most productive land 
class (Cl) respectively while accounting together for less that 7% of total land area in the 
country. North Eastern province has the third largest share (22%)13 of total land area although 
most of this land (>99%) is unsuitable for cultivation and none at all is in the Cl  suitability 
class. On the whole, the preliminary land suitability assessment indicates the Rift valley 
province as having the largest share (about 42%) of potential arable land in the whole 
country; about 17% of this province's total land area is deemed potentially arable, although 
about half of this falls in suitability class C4. Intra-province comparison reveals that about 
50% of the total land area in Nyanza and Central provinces and more than 70% in the 
Western province are potentially arable. For the remaining provinces this share is assumed to 
be sometimes significantly less than 20 percent of the total land area. 
Based on the mean total dominant length of growing periods (LGPs)l4, land classes have also 
been assessed for four broad categories of agro-climatic zones15 as shown in Table 2.2. The 
12see Fischer et a1 (1991) for further details on suitability classification. 
1 3 ~ f t e r  Rift Valley (30 %), and Eastern (27%) provinces. 
1 4 ~ e a n  total dominant length of growing period is defined as the number of days when available soil moisture 
(assuming 100 rnm soil depth) exceeds 0.5*PET (potential evapotranspiration). Note that in Kenya this will 
often occur in two distinct growing periods. 
lS~gro-climatic zones as used here refer to mean total length of growing period (LGP) comparing soil moisture 
conditions determined by a water balance model to potential evapotranspiration. (see FAOJIIASA, 1991). 
arid zone includes land areas with LGP less than 120 days: the semi-arid zone describes areas 
with LGPs of 120 to 179 days; the subhumid zone comprises of land areas with LGPs 
between 180 to 270 days; and the humid zone has land areas where LGPs exceed 270 days. 
Table 2.2 shows arable land distribution by productivity classes and climatic zones. The 
assessment excludes land indicated as forest or parklreserve areas. About 36% of land with 
very good, good and moderate productive potential (classes CI-C3) is located in the humid 
zone, 54% in the sub-humid zone, 10% in the semi-arid zone and <I% in the arid zone. 
Similarly, of all the land in Kenya's entire arid zone ~ 1 %  is assumed as suitable for rainfed 
agriculture (Cl-C4); the percentages for the semi-arid, sub-humid and humid zones are 
respectively, 19%, 61% and 50%. The preliminary land suitability assessment indicates that 
more arable land area (62%) is potentially located in the humid/subhumid zones than in the 
aridhemiarid zones which account for 38%16. 
2.2. Urbanization and Land Encroachment 
Kenya is largely an agricultural economy17 dominated by small holder farms, particularly, in 
the Central, Eastern, Nyanza, Western, Rift Valley and Coast provinces18. In 1961, 
agricultural population accounted for 89% of total population. By 1990 this share has 
declined to 76%. Similarly, agriculture's contribution to GDP has steadily declined over the 
years, and so has the share of the agricultural labor force in the total labor force. With the 
gradual decline of agricultural population - a familiar trend in the process of economic 
For broad agro-climatic characterization we distinguish an arid zone, with LGP less than 120 days, a semi-arid 
zone (LGP between 120 to 180 days), sub-humid zone (LGP from 180 to 270 days), and a humid zone with 
LGP exceeding 270 days. 
I 6 ~ h e  picture changes somewhat if potential arable land is defined to include land suitability classes C1 through 
C5 for then, more arable land (5 1.4%) would be located in the aridlsemiarid areas than in the humidlsubhumid 
zones (48%). Arid and semiarid lands are of lesser productive quality and the areas in Kenya are, not 
surprisingly, prone to famines and food crises; accordingly, this definition of arable land, perhaps more than the 
present working definition that includes only land classes C1-C4, seems to suggest the need for greater 
technology-orientation in farming practices such as could make less (marginally) productive arid lands 
potentially more productive. Defining arable land to include only land in classes C1-C4 leaves us with a 
disproportionate share of low productivity lands; this would seem to be making a case for greater integration of 
crop-livestock systems as part of a technology-oriented strategy for increasing food production and self- 
sufficiency. The possibility that such combined strategy would sustainably meet the needs of a growing 
population is demonstrated by the AEZ methodology. 
I7~hough with some (important) diversifications in tourism, services, industry, etc. 
I8large farms, though, are found in the Rift Valley and Central provinces. 
development - rural Kenya is also gradually urbanizing. Kenya's urban population is 
projected to increase from 3.8 million in 1989 to 6.4 million in 2000 at the annual rate of 
4.8% (Republic of Kenya, 1994). Inevitably, this increase in urbanization creates competition 
over land between agriculture and human settlements. Because this trend affects land use 
patterns, an index of land depletion as population increases is an important parametric input 
in the AEZ methodology of land resources assessment. 
2.3. Land Depletion Factor 
In the past, AEZ assessments for national planning in Kenya have used a land depletion rate 
of 0.01 hectares per person obtained on the assumption of a linear relationship between 
population increase and the depletion of available land. This index has been criticized as 
probably excessive (Republic of Kenya, 1986). Moreover, that the relationship between land 
depletion and population growth is more likely to be nonlinear than linear prompted some 
objections. Subsequently, a rate of 0.0037 hectares per person was adopted and generalized to 
all Kenya. This rate was derived using data for the Central province district of Kirinyaga 
(Republic of Kenya, 1986) which, however, is a fairly densely populated district (264 
pers./sq. km). Not only do we not know the procedure used in deriving the rate of 0.0037 
hectares per person, the implied assumption that Kirinyaga's rate of land depletion (as 
population increases) applies to both low and high density districts alike is probably incorrect 
and is very likely, therefore, to result in sub-optimal resource allocation solutions for low 
density areaslg. 
The F A 0  (1993) estimates human settlement areas for developing countries (excluding 
China) as 94  million hectares or 1.4% of their total land area in 1990. This estimation was 
based on Chinese data on population density and non-agricultural land20 use per person. 
While estimation results based on a Chinese model may yield approximations to actual 
I 9 ~ v e n  high density districts are not necessarily homogeneous and therefore are very likely to vary in the rate at 
which per capita proportion of land is allocated to nonagricultural uses (urban residential and infrastructural 
needs) as population increases. 
20~esidence and infrastructure areas. 
human settlement areas for the rest of the developing countries it should, however, be kept in 
mind that because of their specific, internal dynamics individual countries are likely to exhibit 
different land encroachment tendencies than are suggested by the Chinese data. Thus if a 
given developing country's response to changes in population density differs from Chinese 
response, then the use of Chinese model to approximate encroachments on agricultural land 
will most probably give misleading results. For similar reason, differences in the rate of 
agricultural land depletion may not only exist from one country to another but also from one 
region to another within a country. 
To overcome some of the shortcomings of previous efforts to obtain a land depletion index an 
attempt has been made to derive a functional relationship as a means to estimating the rate of 
land depletion over time. The results of the derivation are presented in this report. The 
hypothesized functional relationship was estimated by the method of nonlinear regression. 
Several functional forms were tried out using district data of non-agricultural land per capita 
(dependent variable) and district population density (explanatory variable). The hypothesized 
functional form which exhibited the best fit to the data is: 
where Y is non-agricultural land per capita (hectareslcapita); X is population density (persons 
per hectare), and a , p and 6 are parameters to be estimated. E is a random disturbance 
term. Estimating equation ( I )  yields the following results: 
parameter estimates T-value 
a 4.2644 5.16 
P 28.182 5.65 
6 0.0074 165 3.68 
R. squared = 0.74; No. of obs.= 39. 
Judging from the statistics the hypothesized nonlinear equation seems to fit the data well. The 
parameter estimates are statistically significant and the r-squared indicates that about 74% of 
variations in the dependent variable is accounted for by the explanatory variable. Note that 
the t statistics are applicable in the nonlinear case for performing t-tests since they are 
obtained in the final linearization of the iterative process used in the nonlinear estimation 
(see, Pindyck and Rubinfeld, 1981). Let us note that also in the nonlinear case the r-squared 
still retains its usual indication of overall fit21: Figure 2.0 presents a scatter plot of the 
predicted and observed nonag land values against population density. Evidently there is a 
marked similarity in trend. 
The above results indicate that as population density increases to high concentrations the 
resulting encroachment upon land for residential and infrastructure purposes will approach 
0.0074165 hectares per person - this being the limit value that non-ag. land requirement will 
take when population density increases indefinitely. For district analysis it is now possible to 
input a land depletion parameter that is specific to the location of interest by obtaining a 
prediction of non-agricultural land use per capita from the estimated model. These estimates 
are, however, tentative - needless to say. For although they appear reasonable and seem to 
compare well with similar estimates derived for other developing countries e.g., China, their 
estimation may not have captured all the relevant factors of urbanization and land 
encroachment. Nevertheless, the derivation of these new land depletion rates for Kenya 
represents certain methodological improvement in the application of the AEZ methodology. It 
is hoped that this, in turn, will improve the accuracy of AEZ assessment results. 
3. PRODUC'TION 
FA0 (1993) projects that crop production in developing countries will increase by 66% (an 
annual rate of 2.4%) from 1988190 to 2010 and that this aggregate growth over the projected 
2 1 ~  sample size of 39, as in this case, is probably also in order. Goldfeld and Quandt (1972) show that a sample 
size of 30 is sufficiently large for estimators to display their asymptotic properties particularly if emphasis is on 
estimating coefficients (as in the present case) rather than on estimating estimator variances in which case large 
sample sizes may be needed. 
period will derive from two sources: increases in yield, and expansion of harvested area. The 
latter source of growth is supposed to come about through expansion of arable land and 
through increase in cropping intensity. Given the steady decrease in per capita arable land 
noted above, increases in cropping intensity - in combination with higher crop yields and 
better crop mixes, especially in the arid and semiarid areas with short rainy season - would 
seem the likely source of future growth in agricultural production in Kenya. The observed 
production patterns reported in this paper provide a useful background for the planning 
activity entailed in AEZ methodology applications. Observed production patterns enable 
appropriate anticipation of agricultural productivity constraints and options22. The present 
level of farming technology in Kenya suggests that higher (advanced) levels of agricultural 
technology would be necessary23 in order for the country to meet the established production 
targets that will ensure self-sufficiency in food by the year 2000 (see Republic of Kenya, 
1994). 
Production data are district-level observations on crop and livestock production. Livestock 
data are population figures for livestock. Food crops for which data are reported are maize, 
wheat, millet, beans, cassava, sorghum, and rice. Cash crops include tobacco, tea, pyrethrum, 
sisal, sunflower, coffee, and cotton. Crop production data relate to output, harvested area and 
material (fertilizer, seeds, machinery etc.) and service (marketing, transportation, planning, 
insurance etc.) inputs. Presented in this report are the three year average (1989-1991) of crop 
output and area harvested. Since data were not provided on all of the crops listed above, 
supplementary data have been taken from the National Water Master Plan of Kenya 
(Republic of Kenya, 1992). This was the case for production and acreage data for beans 
(Eastern Province), maize, sorghum, millet, beans and cassava (Nyanza Province), rice 
(Western Province), and millet and beans (Coast Province). Occasional single entry 
omissions (or doubtful entries) have been filled-in similarly. Examples in the latter case are 
22~ncluding technological. 
2 3 ~ h a t  the high annual rate of growth (6.2%) in agriculture for the period 1963-1973 could not be sustained 
thereafter has been attributed to decline in technical progress in seed varieties among other causes (e.g., the lack 
of new high-quality land on which to expand production, poor weather.). 
cassava production and acreage data for Isiolo district (Eastern Province), maize and sorghum 
data for Turkana and Samburu districts (Rift Valley Province) respectively, and maize 
production data for Lamu district (Coast Province). When the National Water Master Plan 
data are used production values are obtained by multiplying crop yield by the reported 
acreage harvested. In cases where corresponding yield values were not reported 
"representative" yield values have been derived as averages of yields in preceding years. 
Except for crop production data for Rift Valley province which were reported in bags24 the 
rest of the commodity data were reported in tons. Non-entries indicate that data were either 
not available or not reported or that the crop (or livestock type) in question is not grown in the 
district. 
3.1. Food Crops 
Table 3.0 presents the three-year average data on production and area harvested for food 
crops in Kenya. Maize, not surprisingly - being the staple food in the country - is the most 
important food crop in terms of acreage harvested. More than half of the land planted in food 
crops25 is allocated to maize which is grown in every district of the seven provinces. 
Although beans and sorghum are almost as commonly grown they are not as important as 
maize in terms of the land area allocated to their production. About one-quarter of the total 
land allocated to food crop production is planted in beans while even much less land (about 
3% of total food crop land) is planted in sorghum. In small holder farms beans are inter- 
cropped with maize. Wheat and millet account for about 6% and 5% of food crop land 
respectively. Less land is allocated to cassava production (3%) than to wheat, millet or 
sorghum. To attain self sufficiency in food by the year 2000, food commodity requirements 
have been projected as shown in Table 3.1. Rice production, according to this projection, 
should grow at the annual rate of 12.5% ; wheat by 7.8% and beans by 6.6%. Maize, 
sorghudmillet as well as milk production are each required to grow by under 5.0% annually 
in order for Kenya to be self-sufficient in food. 
24 1 bag = 90 kg. 
25These seven food crops in Table 3.0 do not exhaust the total number of food crops grown in Kenya. 
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3.2. Cash Crops 
From Table 3.2 we note that about 45% of total land allocated to cash crop production26 is 
used for coffee production. Cotton is second in importance, claiming some 22% of total cash 
crop land while tea follows with about 14% of land allocated to its production. More than 
other cash crops coffee and tea have, over the years, made the most important single 
contributions to the value of domestic exports of principal commodities (Table 3.3). In 1982, 
coffee accounted for about 27% of total domestic export value while tea was responsible for 
some 14%. By the mid-eighties (1986) the respective percentage shares of the two crops in 
domestic export value were 41% and 18%. Except in 1982, 1983 and 199027, the 
contributions of coffee, tea, sisal, pyrethrum and cotton (minus sunflower and tobacco) 
together amounted to more than half of total value of exports. Although cotton production 
takes up a sizable area of land (22%) compared to other cash crops its contribution in value 
terms seems to be disproportionately low. Cotton's share in domestic export value of principal 
commodities was not more than 0.3% during the 1980s. In 1990 cotton yielded a total export 
income of only one thousand Kenyan pounds. The past five years have seen the share of tea 
in export value continuously overtake that of coffee. 
3.3. Harvested Area 
Figure 3.0. shows that over the years greater land area has been allocated to food crop 
production than to export crops. Among the food crops, cereals have had the greatest share of 
land followed by pulses and then roots and tubers. 
3.4. Livestock 
Livestock data are the number of cattle (zebu and grade), goat, sheep, pigs, poultry, camels 
and donkeys per district, and are reported for the year 1990. These population figures have 
26~ga in ,  the listed crops above do not exhaust the number of cash crops grown in Kenya. 
27~n  these three years the total contribution of coffee, tea, sisal, pyrethrum and cotton to export value was 45%, 
48% and 47% for each respective year. 
been converted into the Tropical Livestock Unit (TLU)28 equivalent which expresses the herd 
structure of animals of various species and sizes in terms of a common unit thus enabling 
equivalent comparisons of stocking rates expressed as TLU per net grazing areas. Livestock 
numbers and corresponding estimates of TLU for 1990 and 2010 (projected) are represented 
in Tables 3.4 and 3.529. Also reported are data on the production of meat and milk (Table 
3.6). 
3.5. Inputs 
The trend in agricultural and livestock input use has generally been on the increase (Figure 
3.1) during the 1980s. While material input levels grew over the years, service input levels 
tended to be constant except towards the end of the decade when some increases begin to 
show30. This is perhaps a reflection of current Kenya government policy on agricultural and 
livestock inputs. This policy (see Republic of Kenya, 1994) is designed to ensure the 
availability to farmers of adequate and quality inputs in materials and services. Among the 
specific measures by which government intends to realize the current policy are: supplying 
high quality seeds of improved varieties of a wide range of crops; increasing the availability 
and quality of concentrates, compound feed and minerals required for increased livestock and 
poultry production; allowing livestock drugs, semen and embryos to be imported duty free so 
as to keep their prices low; supporting the private sector in the development and wider 
distribution and maintenance of more appropriate agricultural machinery; encouraging 
farmers to intensify agricultural production through use of agricultural and livestock inputs 
(Republic of Kenya, 1994). Levels of agricultural inputs and technology that satisfy 
2 8 ~ h e  TLU conversion factors are taken from Sloane (1985) and are: Cattle (zebu), 0.7; Cattle (grade), 1.0; 
Goat. 0.1; Sheep, 0.1; Pigs, 0.2; Camels, 1.25; Donkeys, 0.5. For pastoral zones, with length of growing period 
(LGP) less than 120 days, the TLU conversion factors for goat and donkey are 0.08 and 0.7, respectively. 
29 The assumed growth rates used in projecting livestock population are: sheep(5%), goats(2%), pigs(7%), 
poultry(3%), cattle(3.3%) - for 2000-2010. 
30~ater ial  inputs comprise: fertilizers, and other agricultural chemicals, livestock drugslmedicines, fuel, power, 
machinery spare partslmaintenance, bags, manufactured feeds, seeds, office expenses, small implements, and 
other; Service inputs include: marketing, research and publications, artificial insemination, aerial spraying, 
accounting, etc., tractor services, private vetenery services, govt. seed inspection services, farm planning and 
survey, govt. vetenery inoculation, insurance, transportation, and other (Republic of Kenya, 1991). 
government policy measures and achieve the desired production targets can be modeled at the 
technology levels available in the AEZ system. 
4. FOOD DEMAND 
Ultimately, the success of national planning will be gauged, at least, by the development and 
distribution of per capita food supplies; or equivalently, by the ability of greater number of 
people - especially rural Kenyans (in the present case) - to obtain adequate food supplies. In 
rural Kenya where food supplies are derived from farming and not necessarily bought, this 
ability includes the ability to produce as well. The foreseeable prospects for Kenya, like for 
most developing countries - especially those of sub-Saharan Africa (see FAO, 1993) - do not 
appear very optimistic in this regard. 
Since the 1960s when Kenya's per capita income grew at the impressive annual rate of 5.5% - 
almost twice the rate of population increase - subsequent decades have seen population 
overtake income in growth and remain ahead. The apparent rate of population growth over 
the years of about 3.8% annually might have been less worrying had income growth matched 
or superseded it. But income has not been able to grow by more than 1.5%. In fact, during the 
1980s per capita income grew by less than 1.0% annually; and it is projected that during 
1988190-2000 income growth will remain below 1.0% while population increases at an 
average annual rate of 2.7%. Projections of future average per capita food demands which 
reflect anticipated growths in rural and urban populations (Republic of Kenya, 1992) are 
presented in Table 4.0. They define basic production targets indicating, thereby, expectations 
about future food supplies. The food items include: maize, millet, wheat, rice, potatoes, other 
roots, sugar, pulses, milk, beef, fat, vegetables and fish. Average annual per capita 
consumption is held constant at the 1990 level through 2000 and 2010 suggesting that the 
implied nutritional levels associated with the 1990 consumption pattern is, at least, 
satisfactory. 
For analysis at the national level these predictions are adequate. At the district-level, 
however, they may not be appropriate since national averages obscure differences at the 
regional or district levels and within them. Dietary requirements in Kenya are known to vary 
among population groups within and across regions (see Shah, 1978; Frohberg and Shah, 
1980; Fischer and Shah, 1985). And although poverty is widespread in all small holder 
agricultural areas, the incidence is considerably higher in some than in others (Heyer, 199 1). 
For example, the pastoral areas in arid and very arid areas - noted for recurring food shortages 
- have more severe cases of poverty than others. Previous food consumption surveys in Kenya 
reveal that urban incomes are much higher than rural incomes, and that the incomes of the 
urban poor are higher than those of the rural poor. Differences in income result in differences 
in consumption. To account for the heterogeneous pattern of per capita food consumption, 
average (national level) projections of per capita food consumption have been disaggregated 
at the district level31. District-wise per capita food demand estimates were obtained by 
weighting each of the national urban and rural per capita food demand projection by the 
proportion of the district population that is urban and rural respectively, and then summing 
the two weighted values. Maize, millet, wheat and rice were aggregated to cereals while 
potatoes and other roots were aggregated as roots. The rest of the food items were retained as 
originally reported. The resulting district level estimates of per capita food demand are 
presented in Table 4.1. Again, these estimates are tentative and essentially illustrative. They 
assume that as rural population urbanizes it takes on urban consumption habits. 
5. CONCLUSION 
This paper has presented an update of the socio-economic database used in the AEZ 
assessment for Kenya. As part of this update, new estimates of district-wise socio-economic 
parameters have been provided. Socio-economic data have also been disaggregated at the 
district level. With this update it is hoped that AEZ based studies of Kenya will provide more 
31 t n  previous AEZ assessments, per capita food consumption levels were estimated by provinces, and assumed 
constant over time. 
accurate indications for agricultural planning, particularly at the district level. More work still 
needs to be done to prepare data at more disaggregated levels than are reported in this paper. 
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Table 1.0: Kenya Population (1989) and Projections (1990-2010) by District (in thousands) 


















































Table 1.1 : Percent Shares of Urban and Rural Population by District (in thousands) 
DISTRICT Population % Urban in  
1989 District 
Pop. 
Urban pop % Urban i n  
Absolute Total Pop. 
Rural pop. 
Absolute 
% Rural in  
District 
Pop. 



















































Table 2.0: Percent Land Use by DistrictProvince and Use Category (sq. km) 
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Source: Republic of Kenya, 1992 
Table 2.1: Distribution of Potential Arable Land by Province 































































































Table 2.2: Arable Land Distribution by Climatic Zone and Crop Productivity Potential: 
Kenya 



















Inter-climatic zone shares of arable land classes (%) 
Intra-climatic zone shares of arable land classes (%) 
Distribution of Arable Land (cl-c4) by Climatic Zone 
































































89/91 8919 1 
hectares tons 
WHEAT 
8919 1 89/91 
hectares tons 
MILLET 
89/91 8919 1 
hectares tons 
BEANS 





























Table 3.0 (cont'd): Food Crop Production and Harvested Area by District 
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Table 3.1 : Projections of Food ProductionRequirement for Self Sufficiency 











Milk (billion litres) 
Production Requirements Annual 
1000 tons 1000 tons Growth(%) 
Annual 
Growth 
Source: Republic of Kenya, 1994a 
Table 3.2: Cash Crop Production and Harvested Area by District 
DISTRICT TOBACCO TEA PYRETHRUM SISAL SUNFLOWER COFFEE COTTON 
89/91 89/91 89/91 89/91 89/91 








































Table 3.2 (cont'd): Cash Crop Production and Harvested Area by District 
DISTRICT TOBACCO TEA PYRETHRUM SISAL SUNFLOWER COFFEE 
89/91 89/91 89/91 
hectares tons hectares 
89/91 89/91 
tons hectares 
89/91 89/91 89/91 
























Percent Shares of Principal Commodities in Total Value of Domestic Exports 
Coffee, not roasted 
Tea 
Petroleum products 
Sisal fibre and tow 
Meatlpreparations 
Pyrethrum 








Beans, peas, lentils 
Oil seeds, nuts, kernels 
Scrap metal 




TOTAL 100 100 100 100 100 100 100 
Source: Republic of Kenya, 1991 
Table 3.4: Livestock Numbers in 1990 ('000s) and the TLU Equivalent 



















































Table 3.5: Projected Livestock Numbers in 2010 ('000s) and the TLU Equivalent 










































































































PIG POULTRY MlLK ZEBU 
MEAT MEAT 
MlLK GRADE MlLK TOTAL 















Urban Rural Urban Rural Total Urban Rural Total Urban Rural Total Urban Rural Total Urban Rural Total 
kglplyr kglplyr 1990 1990 1990 1995 1995 1995 2000 2000 2000 2005 2005 2005 2010 2010 2010 
Source: Republic of Kenya, 1992. 
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Figure 2.0: Relationship between per capita non-agricultural land use and population density. 
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 
Population Density (personslhectare) 
Figure 3.0: Harvested area by major crop groups. 
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I observed 1 
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